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Abstract: The article suggests algorithms for filling mosaic 
surfaces. Today, there are a number of algorithms that use the 
software design environment to automate the creation of images 
that correspond to mosaic compositions based on raster images. 
However, they do not allow realizing the principles of the classical 
construction of mosaic works, which guide professional mosaics. 
In this case, the main task is the problem of optimizing the filling 
of space from a mathematical point of view. From the point of 
view of the artist, this is not the main problem, moreover, the 
distance between the parts of the mosaic can vary, act as an 
artistic element. Much more important is the organization of the 
structure of the mosaic surface. This article is dedicated to this 
problem. The sequence of actions is given - algorithms that allow 
the artist to achieve the desired effect and gain full control when 
filling mosaic surfaces. These algorithms allow you to create 
mosaic fillings based on linear patterns without color and tonal 
design, which is impossible for existing algorithms. The authors 
proposed the construction of the topology of classical mosaics 
using vector guides. When forming the algorithm, vector guide 
lines or “power lines” are taken as a basis, on which mosaic 
elements (tesserae) are subsequently placed. Variants of using 
existing algorithms at each stage of the solution of the problem 
are proposed. Algorithms and results of filling a mosaic panel 
with a line-by-line and equidistant method are presented. This 
technology will allow not only creating mosaic surfaces, but also 
using it as a tool for creating real art projects for implementation 
in design and art. The possibility of using existing technologies in 
this technique is commented. 
Keywords: mosaic, tesserae, guiding lines of force, filling 
algorithms, contour areas.  
I. INTRODUCTION 
Mosaic is perhaps one of the most ancient forms of art. 
Numerous works of fine art of the past and the present are 
made using the mosaic technique. World famous 
masterpieces of the ancient Greek, Roman, Byzantine period 
and many author panels of the late time. Despite the fact that 
we all admire the work of the past, today less and less artists 
resort to the classical methods of performing works. And 
mosaic, in this regard, is no exception. Blame this on 
contemporary artists. As with any phenomenon, there is a 
logical explanation. Digital tools are more convenient, 
provide more features, reduce execution time and provide a 
number of additional features. This is facilitated by the 
changing habits of society. The principles of aesthetics and 
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harmony have not been canceled. Only from an ergonomic 
point of view, unsuitable color, sound combinations and 
compositional solutions can lead to psychological and even 
physiological discomfort of the user. For thousands of years, 
classical art has shaped the principles and methods of 
constructing a work. During this time, it has accumulated a lot 
of knowledge and practical techniques. Already during the 
20th century, even before the digital age, unfortunately, there 
was a great loss of the school in the field of mosaic art 
technology. And in our time, the few who have preserved the 
classical school, in most cases, are not able to adapt to modern 
changes. Representatives of the young generation, who 
thoroughly study digital art technologies, often do not devote 
enough time to studying classical principles, thereby creating 
their own subculture. Moreover, often, for one reason or 
another, those involved in software development do not pay 
attention to this at all. Thus, the user gets his hands on tools 
that do not take into account many factors. This article is an 
attempt to draw the attention of specialists working on the 
creation of computer image algorithms to some principles of 
constructing classical mosaic fillings. Algorithms are 
proposed that make it possible, according to the authors, to 
resemble the classic mosaic styles.  
II. BASIC ASPECTS OF MOSAIC PANEL FILLING 
ALGORITHMS  
The graphic filter "mosaic", well known for a large number of 
computer programs (Adobe Photoshop, GIMP, Adobe 
Illustrator and others), which provide a decrease in spatial 
resolution (Fig. 1). 
Of course, the developers of such a filter saw this problem. To 
simulate more "artistry" several parameters have been added 
to the algorithm; slight curvature of the lines, the distance 
between the teasers and color variations. It is clear that with 
these means no one claimed to create a real style. 
This arrangement of teasers for forming a closed plane does 
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The classic mosaic canvas has a certain structure, which in 
turn depends on the composition of the geometric shapes 
depicted on the plane. It is the form of this structure that the 
styles differ. 
A number of basic historical styles of mosaics are known: the 
Greek style, the Byzantine style and the Florentine style. 
In the scientific literature there are a number of developments 
that are interesting mathematical solutions for the formation 
of mosaic images mainly built on Voronoi diagrams [1]. It 
remains a mystery why the leading manufacturers of software 
for artists did not take advantage of these developments. But 
all developers have one drawback. They do not take into 
account the real methods of creating the structure of the 
mosaic work and are difficult to control. Every professional 
specialist in the field of mosaics knows that drawing is the 
basis of any mosaic work. The drawing is created taking into 
account the specifics of the material. A certain kind of 
stylization of the form is performed. The pattern is divided 
into spots that are delimited by the edges of the form and the 
shadow lines in the case of volumes. Further, each spot is 
filled with the so-called “power lines”. The direction of these 
lines is built taking into account the movement of the shape of 
the object. Directly, a set of mosaic filling is performed 
according to a pattern created in advance. Tesserae is laid out 
along these lines. The artist does this in accordance with his 
experience. We can create a special algorithm for filling the 
surface. But the principle itself must be preserved. If you look 
closely at the classic works of mosaic art, you can see that 
even the background has specific patterns of filling. 
Consider the three main stages in the formation of algorithms. 
1. Fill the background. 
To fill the background, you can use specialized vector 
libraries of historically formed patterns in the form of vector 
clipart, for example, in the SVG format (Fig. 2). The user will 
be able to choose a suitable pattern in accordance with the 
style of his work. Consider the three main stages in the 
formation of algorithms. 
1. Fill the background. 
To fill the background, you can use specialized vector 
libraries of historically formed patterns in the form of vector 
clipart, for example, in the SVG format (Fig. 2). The user will 
be able to choose a suitable pattern in accordance with the 
style of his work. Not one of the developed algorithms for 
automated filling  will not give us such an opportunity. 
Especially in decorative and applied works. Further, having 
received the contours of the elements, we can remove them 




2. Contour drawing of the image. 
As a rule, raster images are used to create mosaic fillings with 
computer filters. It can be sketches or photos. To solve our 
problem of image contour rendering, we perform vector 
image tracing to obtain a linear picture based on contrasting 
pixel arrays (Fig. 3). 
 
Fig. 3. 
There are a large number of ready-made linear and polygonal 
vectorization algorithms [2]. In our case, it is possible to use 
any linear vectorization algorithm based on thinning or based 
on the contours of R2V, MIC, SPV, LNG [2]. If the image is 
sufficiently contrasted, then there should be no problems. If 
the tone of the image is identical, operator intervention is 
required. The user will have to correct the incorrectly drawn 
lines. To get a stylistically believable image, we can’t avoid 
operator intervention. Alternatively, specialized artificial 
intelligence (AI) algorithms can be used to correct problem 
areas [3]. Corrections may be needed not only in terms of 
erroneous directions. Artistic edits are possible. Alternatively, 
you can give the user various options for the vectored image 
created by the AI algorithm to choose from. Thus, we obtain 
the area divided into closed areas. 
 3. Filling closed areas. 
Each of the obtained closed areas must be filled with mosaic 
parts in a certain way. There can be four main ways to fill 
closed areas of a mosaic. 
1. Line by line. The contour area is filled with mosaic 
parts as lines in the text in one selected direction. Perhaps a 
straight or arbitrary curvature of the lines (wavy) (Fig. 4). 
 
               
Fig. 4. 
2. Equidistant, in the form of concentric circles, ellipses, 
with rectilinear or wavy contours. The selected contour region 
is duplicated to the center with a decrease at an equal distance 
(Fig. 5). 
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3. Spiral. The selected contour region is filled with parts 
of the mosaic along the spiral guide to the center of the 
contour region, with rectilinear or wavy contours (Fig. 6). 
 
Fig. 6. 
4. Combined. The selected contour area is filled in a 
mixed way, consisting of various combinations of the first 
three methods. 
The main algorithms for filling contour selected areas are: 
1. A method based on Voronoi diagrams (CVD) [4]. 
2. Irregular tiles based on gradient vector flow (GVF) [5]. 
3. Jigsaw Image Mosaic algorithm [6]. 
For use in visualization of classic mosaic styles, it is advisable 
to use the first two algorithms. These algorithms are designed 
for automatic execution. With this approach, it is difficult to 
control the topology of each region. However, these 
algorithms are ideal for filling contour areas in the third way. 
Some unpredictability of the result will even be useful and 
give vividness to such a surface. 
When forming the algorithm, we take vector guide lines or 
“power lines” as a basis, on which mosaic elements (tesserae) 
are subsequently placed (Fig. 7). 
 
Fig. 7. 
Line-by-line method of forming an algorithm. 
This method is the simplest in execution. 
If the body, which is filled with a mosaic, has a shape 
close to the shape of a square, rectangle or trapezoid, use 
the linear (straight or wavy lines) arrangement of teasers 
on them (Fig. 4). 
With a linear arrangement of teasers to form a mosaic, we 
use the following algorithm: 
Determine the linear dimensions of the mosaic canvas: 
width - A and height - B; 
Choose the size of the side of the teaser -  m  and the size 
of the seam - p  ; 
Determine the distance between the centers of the teasers 
d m p    (Fig. 8). 
 
Fig. 8. 
Determine the number of lines for placing teasers 
horizontally  




                                      (1) 
Determine the number of lines for placing teasers 
vertically 




                                       (2) 
We are building the mosaic. 
If the line on which the tesserae are curved or wavy, their 
direction is determined by the shape of the contour area. 
That is, to what geometric primitive the contour region 
will be approximated. For example, a triangle, rectangle, 
circle, or ellipse. In this case, you first need to 
approximate the shape of the contour selected area. For 
this, you can use existing algorithms, for example, a 
multivariate method for recognizing patterns and 
geometric shapes [7]. In this case, temporary adjacency 
and global geometric properties of figures are used to 
recognize a simple dictionary of geometric shapes, 
including solid and dashed line styles. The geometric 
elements used (convex body, regular polygons of the 
smallest area, scalar relations of the perimeter and area) 
are invariant with the rotation and scale of the figures. 
If we consider a form that is close to a circle or an ellipse, 
then, in most cases, the second or third default filling method 
is used. If the operator, for some reason, decides to execute 
the first option by default, it is worth putting a horizontal 
line-by-line filling. Otherwise, the operator chooses the 
direction. If the selected area gravitates to a triangle, we act 
differently. Filling will always be parallel to one of the faces 
of the triangle. By default, select a face that is close to the 
horizontal. The problem is solved similarly with a rectangular 
shape. The filling will be parallel to one of the sides, which we 
select close to the vertical. If the rectangle has elongated 
proportions, then the filling is placed parallel to the longer 
side of the rectangle. This principle applies to any elongated 
figure. The final choice is left to the performer. 
The equidistant method of forming the algorithm. The 
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The distance between them is determined by the side of the 
teaser -  m  and the distance between them - p . On each 





From each point we direct the vectors to the conditional 
center of the spot - in O . Further on these vectors we also 
determine the points 
ik  as many times as possible at a 
distance - d . Connecting these points, we get the internal 
contours - 
1 2 3, , ,...k k k  .  
When arranging teasers to form mosaics on concentric 
circles (Fig. 5), we use the following algorithm: 
Determine the diameter of the circle on which we place 
the mosaic - D ; 
Choose the size of the side of the teaser - m   and the size 
of the seam - p ; 
Determine the distance between the centers of the teasers 







                                  (3) 
 
Determine the average diameter of each row of 
concentric circles of each row 
                            
. .( )
2





                    (4) 
Where is - outiD  the outer diameter of each row; 
      iniD -  the inner diameter of each row; 
Determine the number of teasers in each row 







                                 (5) 
We are building the mosaic. 
 
 
Triangular and rectangular areas are filled in the same 
way. 
If the spot of the mosaic is irregular in shape, choose the 
direction of the vectors along the normal to the external 
contour line at points that are located at a distance on the 
external contour d   (Fig. 10).       
 
Fig. 10.  
Inside the contour region, we obtain a set of intersection 
points of vectors. We find the shortest segment from the 
intersection point to the edge of the contour region. We take 
this distance as the base one and apply it to all vectors 
belonging to points on the selected path. On the resulting 
segments in A , we postpone as many times as possible to the 
distance  d  and obtain the necessary points for the internal 
contours 
1 2 3, , ,...k k k  To fill the remaining unfilled area in 
the center of the spot, you can use one of the above methods of 
filling, depending on the style. 
Spiral method of algorithm formation. 
The spiral method of forming the algorithm for the 
contour region similar to a triangle, rectangle or square is 
similar to the previous ones. For contour regions of irregular 
shape, we can use the Held and Spielberger algorithm [8] to 
obtain spiral-like trajectories inside plane shapes bounded by 
line segments and circular arcs. As a parameter, the maximum 
transition distance specified by the user is used. The spiral 
vector guide starts in the inner part and ends at the borders of 
the selected contour region. 
In fact, the technology of using vector guides is not limited 
only to these methods. Today, there are a large number of 
algorithms involved in filters for image processing. Many of 
these algorithms can be used to obtain an image or even a 
contour area filled with a 
vector pattern of a particular 
topology.  
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Such patterns can become the basis for peculiar patterns of 
mosaic fillings. This will no longer be the classical method, 
but the mosaic, like other forms of art, is subject to the 
influence of time and undergoes changes. Therefore, formal 
abstract solutions can be implemented using this technology. 
So far, we have only dealt with topology issues and have not 
raised color issues. The theory of color separation algorithms 
based on raster images has been developed in sufficient detail 
to date. If there is no finished color image, it is possible to 
create a color sketch based on the selected contour areas. In 
this case, the vector guide method can also be useful, since it 
fully corresponds to the method of creating color sketches in 
the traditional way. 
III. RESULT AND DISCUSSION 
As an example, consider the algorithm for filling a mosaic 
panel with a line-by-line and equidistant method. 
When using the line-by-line method, we set the dimensions 
of the square-shaped panel 90A B  , the sizes of the 
sides of the teaser —  5m   and the seam — 1,425p  , 
determine the distance between the centers of the teasers 







   . 
  







   . 
 
The total number of teasers in the panel 
 
14 14 196.z n k      
The results are listed in Table I. 











We are building the mosaic  
When using the equidistant method, we set the sizes of the 
round panel - 90D  , the sizes of the sides of the teaser - 
m   and the seam - p ,   we determine the distance between 
the centers of the teasers 6,425d m p    and the 




















The circumference of each row is determined using the 
formula 
i iS D  . 












iz k  .  
The results are listed in Table II 
 
Table - II: Calculation Results for the equidistant 
method 
N Dout i Din i Di Si ki 
1 90 80 85,00 267,04 42 
2 77,15 67,15 72,15 226,67 35 
3 64,30 54,30 59,30 186,30 29 
4 51,45 41,45 46,45 145,93 23 
5 38,60 28,60 33,60 105,56 16 
6 25,75 15,75 20,75 65,19 10 
7 12,90 2,90 7,90 24,82 4 
Сenter     1 
z     160 
 
We are building the mosaic (Fig. 11).       
 
Fig. 11.  
These algorithms allow you to create mosaic fillings based on 
linear patterns without color and tonal design, which is 
impossible for existing algorithms. The authors proposed the 
construction of the topology of classical mosaics using vector 
guides. Variants of using existing algorithms at each stage of 
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The proposed algorithms consist of three main stages: 
1. Background filling using vector libraries or based on 
selected contour areas. 
2. Contour rendering of the image in order to obtain the 
selected contour areas. 
3. Filling closed contour areas using the following basic 
methods: a) line-by-line; b) equidistant; c) spiral. 
It is possible to use a combination of these methods when 
forming a mosaic by an operator. Conclusion section is not 
required. Although a conclusion may review the main points 
of the paper, do not replicate the abstract as the conclusion. A 
conclusion might elaborate on the importance of the work or 
suggest applications and extensions.  
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